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Abstract: Half-daily high volume aerosol particles samples have been collected onto
cellulose and glass ﬁber ﬁlters at Ny-AÕlesund, Svalbard, from April +.th to May 1th
,**., in the framework of CHIMERPOL II program. The ﬁlters have been analyzed
for ,+*Pb (,,.- y) and 1Be (/- d) by semiconductor gamma spectrometry. The median
concentration values were 1*mBq m- STP (2,0.mBq m- STP) for ,+*Pb, and .*.
mBq m- STP (-/2,.mBq m- STP) for 1Be respectively. The 1Be and ,+*Pb activity
concentrations measured are relatively “low” compared to those measured in Svalbard
and in other Arctic sites for the same period time (AprilMay) during previous studies.
The ,+*Pb atmospheric concentration and atmospheric pressure are positively cor-
related, which may indicate that the ,+*Pb atmospheric concentration increase as a
function of air mass exchange over the Svalbard region. The results of 1Be and ozone
concentrations show also the absence of direct 1Be stratospheric injections during our
sampling campaign, in the low troposheric air masses. The performed backward
trajectory analysis showed that collected aerosols and associated radionuclides concen-
trations were associated to three di#erent air masses, originating from Atlantic ocean,
Artic ocean and Barents Sea, and continental areas (North FinlandRussia) respec-
tively.
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+. Introduction
Recent studies have been showing a net increase of mercury deposits in Arctic
lacustrine sediments (Lockhart et al., +332), as well as abnormally elevated or increas-
ing mercury concentrations in Arctic fauna for about a decade (Wagemann et al., +330;
Dietz et al., ,***). The native populations of Arctic also show worrying mercury
levels in their body (AMAP, ,**,). Atmospheric mercury deposits through classical
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mechanisms (wet deposits) as well as scarce mercury sources in Arctic areas (Pacyna
and Keeler, +33/) cannot reasonnably explain these high levels. A part of these
observations can be explained by the discovery in Alert (2,./ in North Canada) of an
atmospheric depletion in gaseous elementary mercury concentrations: “Mercury Deple-
tion Events” or MDEs (Schroeder et al., +332). MDEs, today called Atmospheric
Mercury Depletion Events (AMDEs), are characterized by an abrupt decrease of
mercury concentrations occuring at the same time as a decrease of ozone concentration
during boreal spring. This depletion can be very fast and leads to atmospheric mercury
(Hg*) levels close to zero during several hours. Since the observations were made at
Alert, AMDEs have been registered in other Arctic sites, at Barrow, Alaska (Lindberg
et al., ,**+), at Ny-AÕlesund, Svalbard (Berg et al., ,**+), at Station Nord, Greenland
(Skov et al., ,**.), as well as in a sub-arctic site at Kuujjuarapik/Whapmagoostui in
Quebec (Poissant et al., ,**,). The origin of the AMDEs is not elucidated yet, and
there are still many questions about the reaction mechanism, the reaction products and
kinetics, as well as the role of the snow mantle. The role played by the atmospheric
particles (origin, concentration, size distribution and so on) is not properly known, but
it seems that they have a key position in AMDEs formation (Gauchard et al., ,**-,
,**/a,b). One of the aim of the CHIMERPOL II program is to develop the study of
aerosol particles during Atmospheric Mercury Depletion Events. The origin and
transport of air masses, as well as the local nature or not of the involved phenomenons
looks to be of major importance. The use of radiochemical tools, widely used for the
monitoring of Arctic pollution clouds (Arctic haze) (Lal and Peters, +301; Robbins,
+312; Graustein and Turekian, +330), and for the characterization of air masses and
aerosols, represents one of the key point of this program.
Radon-,,, (-.2 d), which is the Uranium-,-2 daughter, is a noble gas, released by
the soils at a constant rate. The rate of release of this nuclide is twice weaker from the
ocean surface than from the soils, and it is considered as negligeable for the areas
covered by glaciers and permafrost (Robbins, +312). The airborne ,,,Rn of 33
originates from land and only + from the sea (Baskaran et al., +33-). Once released
in the atmosphere, ,,,Rn is rapidly desintegrated and produces numerous short-lived
daughter nuclide e.g. ,+.Pb (,0.2mn), ,+.Bi (+3.1mn), as well as longer lived daughter
elements like ,+*Pb (,,.- y). These elements, that are mainly positive ions, are extreme-
ly reactive with atmospheric aerosols particles of sub-micronic size (*.*/*./mm)
(Junge, +30-; Vohra et al., +303). Once they are formed, the ions quickly link with
these particles. The cosmogenic 1Be (/- d), radioactive nuclide is formed quickly by
spallation processes of light atmospheric nuclei such as carbon +,C, nitrogen +.N and
oxygen +0O with protons and neutrons (Papastefanou and Ioannidou, +33/; Gaggeler,
+33/) and indiscriminately attaches to available aerosols, as well. As a consequence,
the study of natural ,+*Pb and 1Be both associated to particles in surface air makes it
possible to obtain information about the past and present history of the aerosols and
their future, as well as the origin of the studied air masses. The analyses of ,+*Pb
together with ,+*Po allow to estimate the residence time of aerosols as well as their origin
(Poet et al., +31,; Moore et al., +31-; Suzuki et al., +330; Baskaran and Shaw, ,**+).
The complementary analysis of 1Be also gives further key information about the origin
of the air masses and associated aerosols that exclusively come from the troposphere or
1Be and ,+*Pb air concentrations in Ny-AÕlesund, Svalbard 97
are a mixing between troposphere and stratosphere. Indeed, since the 1Be is mainly of
stratospheric origin, it has been used in many studies as a tracer for stratosphere-
troposphere exchange (Danielsen, +302; Husain et al., +311; Sanak et al., +32/;
Tremblay and Servranckx, +33-; Elbern et al., +331). Beryllium-1 have also served as
useful tracer for studying aerosol deposition velocities (Turekian et al., +32-) and
deposition patterns of airborne contaminants (Graustein and Turekian, +32-). In
conjunction with other components such as ,+*Pb, this cosmogenic radionuclide thus
provide an excellent examination of the wet scavenging parameterisation in general
circulation models, since both tracers are removed from the troposphere primarily by
precipitation (Brost et al., +33+; Koch et al., +330).
In this paper, we report the preliminary results of daily variation of atmospheric
,+*Pb and 1Be concentrations in aerosol samples, in Ny-AÕlesund, Svalbard from April
+.th to May 1th ,**., in the framework of CHIMERPOL (CHIMIE DU MERCURE
EN ZONE POLAIRE) II program. We compare the observations to database in other
Arctic sites, and analyze together the analytical results and meteorological parameters.
The results presented in this paper also allow to insert new values in the radionuclide
database in Arctic area, and in particular in Svalbard, to address the issues on the
sources and transport of arctic aerosols.
,. Material and methods
,.+. Field measurements
,.+.+. Air sampling
Large volume air samples from Ny-AÕlesund (12/0N, ++/,E; +*masl), Svalbard
(Fig. +), were ﬁltered through an air ﬁltration assembly at a typical ﬂow rate of -*.*
m- h+. Air was continuously pumped and ﬁltered in a ‘protected’ area located ,./m
above snow surface, -**m far away from ﬁrst Ny-AÕlesund habitations (Fig. ,). We
checked that the snow drift was not strong enough to interfere with the air sampling.
The ﬁltration system was protected from local precipitations, which could occur at this
time of the year. The air-ﬁlters used are made of cellulose and glass ﬁbers (C-/11 type,
Bernard DUMAS Cie), representing discs of +*2mm useful diameter for a sampling
surface of 3+.0 cm,. These ﬁlters have been shown to be 33.3 e$cient for the
sub-micron size aerosols carrying 1Be and ,+*Pb. However, we have to be cautious and
keep in mind that concentrations measured during the campaign, and reported later in
the paper may be +*,* lower than they are supposed to be. In any case, ratios will
not be a#ected. The ﬁlters were changed every +, hours, which corresponded to a
ﬁltered air volume of about ,/*/**m- STP. Every +* samples, one ﬁlter is unexposed
and used as a ﬁeld blank sample. Sample collection was carried out from April +.th to
May 1th ,**.. Then, air ﬁlters were sent to the Laboratory of Glaciology and
Geophysics of Environment (LGGE) for measurements.
,.+.,. Meteorological parameters
Since +33, a meteorological observatory monitoring programme is carried out at
Koldewey Station, Ny-AÕlesund, by the Alfred Wegener Institute (AWI), in close
cooperation with the Norsk Polarinstitutt (NP). Synoptic observations are carried out
from the Norsk Polarinstitutt. The activities include measurements of several meteor-
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Fig. +. Location of Ny-AÕlesund, in Svalbard region.
Fig. ,. Aerosol sampling device system.
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ological parameters such as air temperature (at ,m height), air pressure (values are
reduced to mean sea level), wind vector (direction and speed, at +*m height), dew point
temperature (at ,m height), clouds (cloud amount, type and height), horizontal
visibility, and present and past weather observations. The full observation programme
is carried out at 0, +,, +2 UTC. The data is coded (FM+,-SYNOP) and transferred
directly to the Global Telecommunication System (GTS) where they contribute to
weather forecasting. The meteorological and aerological data measured at the station
are sent on a regular basis to the World Meteorological Organisation (WMO).
Quantitative measurements of precipitation at Ny-AÕlesund are not available in this
study, to investigate the role of wet scavenging for the radionuclides surface level
concentrations. This is due to the fact that, during our studied period, snow is
generally the vast component of precipitation in this region, and together with strong
winds and drifting snow, make such measurements very di$cult. In order to try
investigating the possible role of wet scavenging, we used the observations carried out by
AWI in Koldewey Sation, at *0**, *3** and +,** AM and PM GMT. Although these
are only qualitative data, they can be used to obtain an estimate of precipitation
frequency and intensity.
,.+.-. Ozone measurements
In addition to the above meteorological parameters, total O- was used to investigate
the role of possible direct stratospheric intrusions on the 1Be activity concentrations at
Ny-AÕlesund. Ozone has been then monitored at the Norwegian research station on the
nearby Zeppelin mountain (.1.m a.s.l.), at -**m far from ﬁrst Ny-AÕlesund habitations.
Model .** ozone analyzer (Advanced Pollution Instrumentation, USA) has been used.
This model is based on UV spectrophotometry at ,/. nm, with O- concentration
following the Beer-Lambert law (Gauchard et al., ,**/b). Method detection limits are
*.0 ppb, precisions of + ppb. Both instruments were setup to output /min average data.
,.,. 1Be and ,+*Pb analysis
The ﬁlters were directly analyzed by gamma spectrometry using a very low
background germanium detector (germanium diode N type) (Pinglot and Pourchet,
+313, +33.). This detector has a relative e$ciency of ,*. For high resolution
gamma spectrometry, the analyzer was protected against all interfering ambient radio-
activity, in particular using an anti-Compton device. This system provides a lower
detection threshold, especially for the isotopes of interest such as ,+*Pb and 1Be (Pinglot
and Pourchet, +33., +33/; Pinglot et al., +333). Standard +-1Cs and ,+*Pb liquids from
the CEA or Amersham laboratories (, uncertainty at 3/ of conﬁdence level) were
used to calibrate the detector and to correct the calculated activities. The analytical
procedures were the same as those used for the air samples. The ,+*Pb and 1Be measure-
ments were carried out with a time resolution between ,. and 1, h. Quantitative
analysis software (Genie ,*** v+..; Canberra) is used to compute the activity of existing
radionuclides and the associated accuracies. The total uncertainties due to both
sampling procedures and counting statistics are of the order of ,* for ,+*Pb and /*
for 1Be. The speciﬁc activities have been corrected for decay to the deposition time and
counting. This time period was generally near -*.* days for the majority of ﬁlters,
but occasionally approached more than +** days. For this last type of samples,
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counting time was increased to estimate 1Be activities and to limit uncertainties. Blank
and background values were regularly checked.
-. Results and discussion
-.+. ,+*Pb and 1Be concentrations
All the measured concentrations data of ,+*Pb, 1Be and O- are listed in Table +.
Daily variations of ,+*Pb and 1Be atmospheric concentrations are shown in Fig. -.
Lead-,+*Results give a ,+*Pb mean concentration and a standard deviation (+s) of
2,/3 mBq m- (n.-) ranging from 2 to ,0. mBq m-. The median concentration
is around 1* mBq m- (n.-), i.e., +/ lower than the mean value. Figure . shows
that data population has not a gaussian distribution. More than 1/ of the ,+*Pb
concentrations values are below +** mBq m- and remaining data are included between
+** and ,1* mBq m-. In this case, the mean value is strongly inﬂuenced by the
extreme values, thus driving to the observed di#erence between the mean and the median
values. As a consequence, the median value, 1* mBq m-, will be preferentially used as
reference for comparison with other datasets.
Concerning Svalbard atmospheric radionuclides database, Paatero et al. (,**-)
measured ,+*Pb activity concentrations in the air during one year (,**+), at Mt Zeppelin
Global Atmospheric Laboratory (.1.m a.s.l.), close to Ny-AÕlesund. The values vary
between ++ and 0,* mBq m-, with annual arithmetic mean concentrations of +.. mBq
m-, and the /* percentile close to 2- mBq m-. Although the considered temporal
scale is di#erent, this last value is close to the /* percentile observed in our study.
Paatero et al. (,**-) found that the seasonal variation of airborne ,+*Pb showed lowest
concentrations+** mBq m-during summer (June to October) and highest values
+** mBq m-during wintertime and springtime (November to May), and in
particular in MarchApril. This could di#er from what we observed during our
measurements periodApril +.th to May 1th ,**.characterized by relatively “low”
concentrations compared to ,**+. However, if we carefully observe the evolution of
,+*Pb activity concentrations in the air at Mt Zeppelin in ,**+, Paatero et al. (,**-)’s
data show two short periods, between April and the beginning of May ,**+, during
which the ,+*Pb concentrations sharply drop, reach concentration levels close to what we
measure in AprilMay ,**., and sharply increase again after a few days. Actually, the
transition period between winter and summer, is characterized by progressive changes in
the atmospheric circulation (Preiss et al., +330), implying changes in the origin of air
masses reaching Svalbard. As described by Preiss et al. (+330), the artic winter is
characterized by the extend of the polar front down to mid-latitudes including large
areas of the North American and Eurasian continents. At this time of the year, these
regions are often subjected to large anticyclones. The Artic troposphere constitutes
also a mixed reservoir which includes emissions from mid latitudinal continental areas,
source of ,,,Rn and then, atmospheric ,+*Pb. This leads to high ,+*Pb concentrations
during winter in Artic area such as Svalbard (Larsen and Sanderson, +33+). The small
amount of precipitation in the northern regions in winter and low temperatures limit the
aerosol condensation rate and increases the mean residence time of the aerosol particles,
1Be and ,+*Pb air concentrations in Ny-AÕlesund, Svalbard 101
Table +. Concentrations of 1Be, ,+*Pb and 1Be/,+*Pb ratio in aerosol ﬁlter samples, and total ozone
data from Ny-AÕlesund Arctic site, Svalbard, from +.th of April to 1th of May ,**..
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allowing the accumulation of radionuclides in the surface air (Paatero et al., ,**-).
That is what Suzuki et al. (+330) observed during an atmospheric ,+*Pb measurement
program realized by a Japanese Arctic Glaciological Expedition in +33/, in Ny-AÕlesund.
From February ,.th to March +.th +33/, they showed that ,+*Pb atmospheric concen-
trations varied from 2- to +,*. mBq m- with an average of -,/ mBq m- (n+2)
(Suzuki et al., +330). In springtime, the polar front moves northward, leaving the
major sources areas, and it isolates, with increasing e$ciency, the Arctic from the mid
latitudinal inﬂuences. As a consequence, the Arctic troposphere is relatively depleted
in ,+*Pb during the summer (Larsen and Sanderson, +33+; Paatero et al., ,**-). Our
studied period corresponds to AprilMay, when the concentrations are usually still quite
high (Paatero et al., ,**-). However, we can observe that our values are close to the
ones observed during the summer period, i.e., when the concentrations are usually low
(Paatero et al., ,**-). If we consider other Arctic sites, we can see that our data are
slightly lower than the values observed in summer time at Thule and Point Barrow
+** mBqm-(Larsen and Sanderson, +33+), and close to mean atmospheric concen-
trations1/ mBq m-estimated by Samuelsson et al. (+320) around Svalbard archi-
pelago. In fact, the meteorological conditions observed in AprilMay ,**., in particu-
Fig. -. Daily variation of atmospheric concentrations of 1Be (dark gray) and ,+*Pb (light gray) at
Ny-AÕlesund, Svalbard from April +.th to May 1th ,**.. Vertical bars in each plot indicate
counting error (+s).
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lar regarding previous years (warmer temperatures, early snow melting..) (Fig. /), may
induce that “spring” conditions could have been shifted by one to two months; this could
explain the low observed values. In this particular case, the meteorological conditions
normally occurred in summertime would have been established from April, with no
return to spring conditions. However, another hypothesis, that we cannot exclude,
could explain our data. The low concentrations could result from temporary excep-
tional meteorological conditions, only viable for the short period of our measurements.
In this case, there would be a return to expected higher concentrations after this period.
These particular conditions could temporary hide conditions that are more representa-
tive of atmospheric ,+*Pb and 1Be concentrations and composition in this area, at this
period. We have to keep in mind that we are discussing a single period of observation
at Ny-AÕlesund, with no a priori assurances that this is a representative seasonal pattern
of atmospheric ,+*Pb and 1Be concentrations and composition.
Moreover, as we can observed in Paatero et al. (,**-) and Suzuki et al. (+330),
there are considerable daily variations in the ,+*Pb activity concentrations from one
sample to another one. These important variations depict the episodic nature of ,+*Pb
activity concentrations in the ambient air due to the di#erent associated air masses
Fig. .. Frequency distribution of daily ,+*Pb activity concentrations in the air, in Ny-AÕlesund,
Svalbard from April +.th to May 1th ,**..
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originating from di#erent source regions. The relationship between atmospheric ,+*Pb
concentration and air pressure attests this hypothesis. According to correlation analy-
sis, the ,+*Pb atmospheric concentration and atmospheric pressure are positively cor-
related, with regression coe$cient of *.1/ ([,+*Pb Conc...0., (Atmo. Pres.)
.0.1.0.-]; n.-) (Fig. 0). This may indicate that the ,+*Pb atmospheric concentra-
tion increase as a function of air mass exchange over the Svalbard region, as described
by Suzuki et al. (+330). In the same study, Suzuki et al. (+330) assert that rapid
atmospheric transport, induced by high atmospheric pressure system, brings a large
amount of “young” terrigenous aerosols from European continental areas to the
atmosphere of Svalbard. However, we can observe that the highest ,+*Pb concentration
values measured during our studied period are below the values observed in air masses
originating from free of ice, mid latitudinal European continental areas (Preiss et al.,
+330; Liu et al., ,**+; Paatero et al., ,**-). On the contrary, our values are quite close
to the oceanic values (Samuelsson et al., +320; Preiss et al., +330). The meteorological
parameters that are available, the wind direction in particular (Table ,), do not give
information precise enough to determine the origin, oceanic or terrestrial, of the air
masses ﬂuxes over the Svalbard. According to three-days backward trajectories analy-
sis, provided by NOAA ARL (,**/), we observed that air masses ending to Ny-AÕlesund
Fig. /. Scatter plot showing the evolution of air temperature (, m height, Koldewey Station AWI)
in Ny-AÕlesund, Svalbard from April +.th to May 1th ,**..
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have an oceanic origin, during our studied period. Figure 1 shows three backward
trajectories ending in Ny-AÕlesund on April +/th, ,*th and ,2th at **:** UTC,
corresponding to the three main air masses arriving to Svalbard during the campaign.
The second backward trajectory (Fig. 1b) shows the major marine air mass arriving to
Ny-AÕlesund, after remaining three days in Arctic ocean or Barents sea. We have to
notice that this oceanic origin have represented more than 0/ of the air masses over
the Svalbard during our campaign. Although a non negligeable area of the glacial
Arctic ocean is still frozen at this time of the considered year (AprilMay), air masses
taking their origin above the ice shelf become enriched in marine aerosols along their
journey; that is why they are called “marine air masses”. The third backward trajecto-
ry (Fig. 1c) represents the minor marine air masses arriving to Ny-AÕlesund. These air
masses (+/) were coming from the Atlantic ocean, between Iceland and Feroe islands.
There is no noticeable di#erence between the concentration values of ,+*Pb measured in
air masses coming from Atlantic or Arctic ocean. The only lack of ,+*Pb source by
marine areas can explain the low concentrations measured in air masses from the
Atlantic ocean. Concerning air masses coming from Arctic ocean and Barents sea,
Fig. 0. Scatter plot showing the relationship between ,+*Pb activity concentrations in the aerosol
ﬁlter samples and atmospheric pressure in Ny-AÕlesund, Svalbard from April +.th to May
1th ,**.. Vertical bars in each plot indicate counting error (+s). The regression
coe$cient is *.1/ (n.-).
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Table ,. Meteorological data from Ny-AÕlesund Arctic site, Svalbard, from +.th of April to 1th of
May ,**.. Data are extracted from meteorological observatory program database,
carried out by the Alfred Wegener Institute (AWI), at the Koldewey Station.
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another phenomenon occurs. In springtime, the longer daylight duration induces an
increase of vertical mixing in the atmosphere column. Particle aerosols carrying ,+*Pb
atoms, which were accumulated in the surface air during wintertime, are then trans-
ported into upper air and thus, lowering surface air concentrations. This process is
discussed by Paatero and Hatakka (,***) in Northern Finland. The ﬁrst backward
trajectory (Fig. 1a) shows air masses which had a terrestrial origin. These air masses
Fig. 1. Backward trajectories ending in Ny-AÕlesund
(12/0N, ++/,E; +*m asl), Svalbard
on April +/th (a), ,*th (b) and ,2th (c)
at **:** UTC. These backward trajec-
tories, provided by NOAA ARL (,**/)
correspond to the three main air masses
origin arriving in Svalbard during the
campaign. See explanations in the text.
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passed above the Barents sea and obviously remained about two days at sea level.
These last air masses come from Russia and Finland, i.e., continental zones which are
still frozen at this time of the year, thus being depleted in ,,,Rn. This explains the low
,+*Pb concentration values observed in these air masses. We have to keep in mind that
variations could also be observed even if the air masses originate from same ,+*Pb source
regions in function of scavenging processes occuring during the transport.
Beryllium-1As shown in Fig. -, there are considerable variations in the daily 1Be
activity concentrations, during our measurement time period. Results give an atmo-
spheric 1Be mean concentration and a standard deviation (+s) of .*,,-. mBq m-
(n,3) ranging from -/ to 2,. mBq m-. The median value of the whole dataset is
about .*. mBq m- (n,3), i.e. close to the mean values, which implies a Gaussian
distribution of data. We have also to keep in mind that mean and median concentra-
tions values previously cited are only calculated in samples in which 1Be has been
detected. In the frame of this study, this radioelement is not detected in more than one
third of the atmospheric samples, i.e., from April ,1th and May ,nd included (i.e., 0
successive days), as well as four other ﬁlters sampled at the end of the ﬁeld campaign.
Number of samples below the detection limit are +0 (Table +). We have to keep in
mind that the non detection of 1Be in these samples does not necessarily mean a complete
depletion of the element in the sampled atmospheres. A sharp temporary decrease of
1Be atmospheric concentrations due to variations of environmental and meteorological
parameters, coupled to analytical detection limits can explain this phenomenon. It has
been shown that the surface air concentration of 1Be and its variability depend on several
main factors and/or processes which are, latitude, season of sampling, altitude, wet
scavenging, atmospheric exchanges and solar activity (Feely et al., +32+, +323; Brost et
al., +33+; Zanis et al., +333; Baskaran and Shaw, ,**+; Salisbury and Cartwright, ,**/).
The seasonal variations observed are then a complicated function of all these processes,
since each of them can have its own seasonal or annual cycle (Brost et al., +33+).
However, among the previously described parameters, the removal by the precipitation
and the exchange of air masses represent the two most probable hypothesis that could
explain the potential depletion of 1Be (Zanis et al., +333; Liu et al., ,**+). Several
authors (Brost et al., +33+; Baskaran et al., +33-; Koch et al., +330; Zanis et al., +333)
show measurements and model results suggesting that wet deposition (i.e., wet scaveng-
ing) accounts for more than 3* of the total deposition on the ground (Brost et al.,
+33+). Indeed, high relative humidity is associated with a higher condensation poten-
tial and consequently, a high wet scavenging rate of aerosols carrying 1Be atoms.
Therefore, it results low 1Be activity concentrations in the air. The more the height of
the tropospheric column of the wet deposition is, the more the decrease of the
concentration of 1Beand ,+*Pbassociated to aerosols, in surface air, will be great.
Dibb and Ja#rezo (+33-) show the inﬂuence of atmospheric exchanges and in particular
of troposphere/boundary layer exchanges, on the variation of radionuclide concentra-
tion in surface air. In the case of this study, the abundant snow and rain precipitations,
registered between April ,0th and May ,ndalternation between continuous heavy and
moderate snowﬂakes and raincan thus have been su$cient enough to lead to an
e$cient scavenging of aerosols in the lower troposphere column, and as a consequence,
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a sharp drop of the radionuclide concentrations (Fig. -). As a consequence, the
ﬁltered air volumes for each sample (/**m-/ﬁlter) were too low to detect subsisting
1Be atoms in the lower tropospheric layer, through the employed device system of
gamma counting. The signiﬁcant decrease of atmospheric ,+*Pb contents, during the
same period of time, seems to conﬁrm the hypothesis of the wet scavenging action on the
evolution of natural radioactivity concentration (Fig. - and Table +). The lower
moisture content of the air masses previously centered above the study area the days
before, so the lack of precipitation may prevent the removal of 1Be and ,+*Pb by wet
deposition.
There is currently no database concerning surface atmospheric 1Be concentrations
over the Svalbard area. Nevertheless, few similar studies have been made in other areas
of the Arctic zone (Dibb and Ja#rezo, +33-; Baskaran and Shaw, ,**+). The mean 1Be
value, observed during our campaign, appears to be systematically below (/ to +* times
lower) the monthly mean concentrations measured over Greenland (Nord, Thule, Dye
-, Summit) and Alaska (Point Barrow) for the same period of time (Dibb and Ja#rezo,
+33-). One has to be very cautious on the validity of the sites comparisons. Indeed,
there are complex interactions between the origin of the radionuclide source areas over
the considered zones and the small and large scale atmospheric circulation pattern,
Fig. 2. Daily variation of atmospheric 1Be/,+*Pb ratio, in Ny-AÕlesund, Svalbard from April +.th to
May 1th ,**.. Vertical bars in each plot indicate standard deviation (+s).
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during the period of study. An annual monitoring of 1Be concentrations during future
ﬁeld campaigns, should help to better understand the parameters and processes that are
responsible of the strong observed variabilities. More extensive database in Svalbard
will enable us to address the issues on the sources and transport of Arctic aerosols.
1Be/,+*Pb ratio and ozone dataThe study of the 1Be/,+*Pb ratio evolution coupled to the
ﬂuctuations of 1Be concentration in the surface atmosphere, can allow to detect
variations in the rate of transfer and exchange through the tropopause, and, as a
consequence, the potential injection of stratospheric air masses into the troposphere will
be found. The 1Be/,+*Pb activity ratio varied between a factor of +.. to +-.2 (mean
..+,,.0) (Fig. 2). The order of magnitude of the mean ratio is in good agreement
with those observed in Arctic region such as Greenland (Kap Tobin station) or Alaska
(Poker ﬂat and Eagle stations) and with those calculated, by simulation, using a
chemical tracer model (Koch et al., +330; Baskaran and Shaw, ,**+). The sharp
increase of the ratio (up to +-.2) from April ,-rd to ,/th ,**. could imply a vertical
transport with injection of stratospheric air masses enriched in 1Be, into the tropospheric
Fig. 3. Scatter plot showing the relationship between ,+*Pb and 1Be in the aerosol ﬁlter samples
collected in Ny-AÕlesund, Svalbard from April +.th to May 1th ,**.. Vertical and
horizontal bars in each plot indicate counting error (+s). The regression coe$cient is *.0/
(n,2).
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air surface. However, the relative ozone stability in the surface atmosphere, through
this period of time, seems to exclude this last hypothesis. Lead-,+* concentrations
alone evolve, with an observation of lower values (Fig. - and Table +). The decrease,
even small, of ,+*Pb concentration is su$cient enough to considerably increase the ratio.
So, the sharp increase of the ratio may be an artefact linked to the variability of studied
radionuclides concentration values. The three-days air masses backward trajectories
shows that the whole air masses, independently of their origin (marine or terrestrial),
have circulated at sea level, without any apparent mixing with upper atmospheric layers.
It must be reiterated that we are discussing about the potential inﬂuence of a strato-
spheric intrusion on lower atmospheric layers of the troposphere. We cannot draw any
conclusions on stratospheric intrusions that may have happened in the upper atmospher-
ic layers.
We have to notice that the surface concentrations of 1Be plotted against ,+*Pb in all
the aerosols ﬁlter samples (Fig. 3) show a positive correlation between these two
radionuclides (r*.0/, n,2). This fact implies that these two radionuclides have a
relatively similar atmospheric removal behavior, despite di#erent source origins. From
similar data, many authors have shown that in most of the continental and coastal
stations, as in our case, these two radionuclides cannot be simply used as two independ-
ent air mass tracers (Todd et al., +323; Baskaran et al., +33-). This example shows
how di$cult it is to use 1Be and ,+*Pb radionuclides, as well as their ratio, as atmospheric
tracer tools in the case of this study.
.. Conclusion
This paper summarized preliminary data series of half daily observations of
airborne ,+*Pb and 1Be, in Ny-AÕlesund, from April ,.th to May 1th ,**.. Although
one has to be cautious regarding the comparisons of the data, 1Be and ,+*Pb concentra-
tions values measured during our studied period are relatively low compared to those
measured in other Arctic sites for the same period time (AprilMay) during previous
studies. Lead-,+* activities are close to the one measured above the ocean and Arctic
continental zones during summer season (Samuelsson et al., +320; Dibb and Ja#rezo,
+33-; Paatero et al., ,**-). Beryllium-1 activity concentrations, measured during our
campaign, appears to be systematically / to +* times lower than those observed in other
Arctic sites (Greenland and Alaska) for the same period of time (Dibb and Ja#rezo,
+33-). We have also to keep in mind that, as Paatero et al. (+332, ,**-) observed for
,+*Pb, there were considerable daily variations in natural radionuclide activity concentra-
tions during measurements period. This remark is particularly valuable for 1Be ac-
tivities. These day-to-day variations are probably due to local synoptic-scale weather
situations, as the e#ect of wet scavenging induced by snow and rain precipitation events.
This last hypothesis suggests a slight tendency for higher 1Be and ,+*Pb concentrations to
occur at the surface of snow mantle in the same time of wet scavenging in the air. A
more detailed study of the ﬂux deposits of these two radionuclide at the surface of the
snow mantle, during these precipitation events, should allow to check this hypothesis.
Part of the results, 1Be and ozone concentrations, show also the absence of direct
1Be stratospheric injections during our sampling campaign, in the low troposheric air
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masses. It is also conﬁrmed by three-day backward trajectories of air masses reaching
Svalbard during the ﬁeld campaign. We can also notice that the three referenced air
masses do not show considerable di#erences in ,+*Pb and 1Be concentrations values,
despite their di#erent origins.
It must be reiterated that we are discussing a short record period of 1Be and ,+*Pb
measurements at Ny-AÕlesund, with no a priori assurances that this is a representative
seasonal pattern of atmospheric 1Be and ,+*Pb concentrations and composition. Some
authors considered (Zanis et al., +333) that three years of measurements at least are
necessary to provide a robust seasonal natural radionuclide cycle. Nevertheless, we can
wonder: are these preliminary results su$cient to hypothesize that year ,**. was an
exceptional year with the establishment of summer meteorological conditions with a
shift of one or two months? What are the real impact of both the particular local
meteorological conditions that have occurred during the campaign and the seasonal
variations occurring on longer temporal and spatial scales? Further studies with longer
monitoring of atmospheric radionuclide composition, and also aerosol chemical compo-
sition along the year are planned to answer this question. It should help to better
understand the parameters and processes that are responsible of the strong radionuclide
concentration variabilities, and also better determine the sources and transport processes
of Arctic aerosols in Svalbard.
Acknowledgments
This research was funded by the French polar institute IPEV (Institut Polaire Paul-
Emile Victor, CHIMERPOL program -33), the ADEME (Agende de l’Environnement
et de la Maitrise de l’Energie, program *+0,*,*), the French Ministry of Environment
and Sustainable Development and the CNRS (Centre National de la Recherche
Scientiﬁque). We also thank Franck Delbart and Martin Mellet from the IPEV for
their constant help during the ﬁeld experiments. We would like to express our great
thanks to the Alfred Wegener Institute (AWI) and especially the Koldewey Station and
its sta#, the Norwegian Polar Institute and the Kings Bay for their help during our stay.
References
AMAP (,**,): Arctic pollution: state of the Arctic Environment Report. Arctic monitoring and assessment
program, Oslo.
Baskaran, M., Coleman, C.H. and Santschi, P.H. (+33-): Atmospheric deposition ﬂuxes of 1Be and ,+*Pb at
Galveston and College Station, Texas. J. Geophys. Res., 32, ,*///,*/1+.
Baskaran, M. and Shaw, G.E. (,**+): Residence time of arctic haze aerosols using the concentrations and
activity ratios of ,+*Po, ,+*Pb and 1Be. J. Aerosol Sci., -,, ..-./,.
Berg, T., Sekkeseter, S., Steinnes, E., Valdal, A. and Wibetoe, G. (,**+): Arctic springtime depletion of
mercury as observed in the European Arctic. Presented at the 0th International Conference on
Mercury as a global pollutant, Minamata, Japan.
Brost, R.A., Feichter, J. and Heimann, M. (+33+): Three-dimensional simulations of 1Be in a global climate
model. J. Geophys. Res., 0, ,,.,-,,../.
Danielsen, E.F. (+302): Stratospheric-tropospheric exchange based on radioactivity ozone and potential
vorticity. J. Atmos. Sci., ,/, /*,/+2.
Dibb, J.E. and Ja#rezo, J.L. (+33-): Beryllium-1 and Lead-,+* in aerosol and snow in the Dye-- Gas, Aerosol
1Be and ,+*Pb air concentrations in Ny-AÕlesund, Svalbard 113
and snow sampling program. Atmos. Environ., ,1A, ,1/+,10*.
Dietz, R., Riget, F. and Born, E.W. (,***): Geographical di#erences of zinc, cadmium, mercury and selenium
in polar bears (Ursus maritimus) from Greenland. Sci. Total Environ., ,./, ,/.2.
Elbern, H., Kowol, J., Sladkovic, R. and Ebel, A. (+331): Deep stratospheric intrusions; a statistical
assessment with model guided analyses. Atmos. Environ., -+, -,*1-,,0.
Feely, H., Toonkel, L. and Larsen, R.J. (+32+): Radionuclides and trace elements in surface air. Environ.
Rep., EML--3/, appendix C, Environ. Mes. Lab., US Dep. Energy, New York.
Feely, H., Larsen, R.J. and Sanderson, C.G. (+323): Factors that cause seasonal variations in Beryllium-1
concentrations in surface air. J. Environ. Radioact., 3, ,,-,.3.
Gaggeler, H.W. (+33/): Radioactivity in the atmosphere. Radiochim. Acta, 1*/1+, -./-/-.
Gauchard, P.A., Guehenneux, G., Ferrari, C., Poissant, L., Dommergue, A., Boutron, C.F., Fourcade, M.C.
and Baussand, P. (,**-): Evidences of modiﬁcations in the size distribution of particles during a
Mercury Depletion Event at Kuujjuarapik/Whapmagoostui, Quebec (Canada). Proceedings of the
XIIth International Conference on Heavy Metals in the Environment, Grenoble, France, ed. by C.
Boutron and C. Ferrari. EDP Sciences, /,+/,. (J. Phys. IV-Proceedings, +*1).
Gauchard, P.A., Ferrari, C., Dommergue, A., Boutron, C.F., Poissant, L., Pilote, M., Gue´henneux, G. and
Baussand, P. (,**/a): Atmospheric particles evolution during a nighttime Mercury Depletion
Events in sud-arctic at Kuujjuarapik/Whapmagoostui, Quebec, Canada. Sci. Total Environ., --0,
,+/,,..
Gauchard, P.A., Aspmo, K., Temme, C., Ste#en, A., Ferrari, C. and ++ other authors (,**/b): Characterizing
Atmospheric Mercury Depletion Events recorded during an international study of mercury in
Ny-AÕlesund, Svalbard, spring ,**-. Atmos. Environ., -3, 10,*10-,.
Graustein, W.C. and Turekian, K.K. (+32-): ,+*Pb as a tracer of the deposition of sub-micrometer aerosols.
Precipitation Scavenging, Dry Deposition and Resuspension, ed. by H.R. Pruppacher et al. New
York, Elsevier, +-+/+-,..
Graustein, W.C. and Turekian, K.K. (+330): 1Be and ,+*Pb indicate an upper troposphere source for elevated
ozone in the summertime subtropical free troposphere of the Eastern North Atlantic. Geophys. Res.
Lett., ,-, /-3/.,.
Husain, L., Co#ey, P.E., Meyers, R.E. and Cederwall, R.T. (+311): Ozone transport from stratosphere to
troposhere. Geophys. Res. Lett., ., -0--0/.
Junge, C. (+30-): Air Chemistry and Radioactivity. New York, Academic Press, -2, p.
Koch, D.M., Jacob, D.J. and Graustein, W.C. (+330): Vertical transport of tropospheric aerosols as indicated
by 1Be and ,+*Pb in a chemical tracer model. J. Geophys. Res., +*+ (D+-), +20/++2000.
Lal, D. and Peters, B. (+301): Cosmic ray produced activity on the earth. Handbuch der Physik, .0 (,), ed.
by S. Flugge. New York, Springer, //+0+,.
Larsen, R.J. and Sanderson, C.G. (+33+): EML surface air sampling program, +323 data. Environ. Rep.,
EML-/.+, Environ. Meas. Lab., US Dep. Energy, New York.
Lindberg, S.E., Brooks, S., Lin, C.J., Scott, K., Meyers, T., Chambers, L., Landis, M. and Stevens, R. (,**+):
Formation of reactive gaseous mercury in the Arctic: evidence of oxidation of Hg to gas-phase
Hg-II compounds after Arctic sunrise. Water Air Soil Pollut.: Focus +, ,3/-*,.
Liu, H.D., Jacob, J., Bey, I. and Yantosca, R.M. (,**+): Constraints from ,+*Pb and 1Be on wet deposition and
transport in a global three-dimensional chemical tracer model driven by assimilated meteorological
ﬁelds. J. Geophys. Res., +*0, +,+*3+,+,2.
Lockhart, W.L., Wilkinson, P., Billeck, B.N., Danell, R.A., Hunt, R.V., Brunskill, G.J., Delaronde, J. and St
Louis, V. (+332): Fluxes of mercury to lake sediments in central and northern Canada inferred from
dated sediments cores. Biogeochemistry, .*, +0-+1-.
Moore, H.E., Poet, S.E. and Martell, E.A. (+31-): ,,,Rn, ,+*Pb, ,+*Bi and ,+*Po proﬁles and aerosol residence
times versus altitude. J. Geophys. Res., 12, 1*0/1*1/.
NOAA ARL (,**/): http: //www.arl.noaa.gov
Paatero, J., Hatakka, J., Mattson, R. and Viisanen, Y. (+332): Analysis of daily ,+*Pb air concentrations in
Finland, +301+330. Radiat. Protect. Radiometry, 11 (-), +3++32.
Paatero, J. and Hatakka, J. (,***): Source areas of airborne 1Be and ,+*Pb measured in Northern Finland.
Health Phys., 13, 03+030.
O. Magand et al.114
Paatero, J., Hatakka, J., Holmen, K., Eneroth, K. and Viisanen, Y. (,**-): Lead-,+* concentration in the air
at Mt Zeppelin, Ny-AÕlesund, Svalbard. Phys. Chem. Earth, ,2, ++1/++2*.
Pacyna, J.M. and Keeler, G.J. (+33/): Sources of mercury in the Arctic. Water Air Soil Pollut., +-1, +.3+0/.
Papastefanou, C. and Ioannidou, A. (+33/): Aerodynamic size association of 1Be in ambient aerosols. J.
Environ. Radioact., ,0, ,1-,2,.
Pinglot, J.F. and Pourchet, M. (+313): Low level beta counting with an automatic sample changer. Nucl.
Instrum. Meth., +00, .2-.3*.
Pinglot, J.F. and Pourchet, M. (+33.): Spectrome´trie gamma a◊tre◊s bas niveau avec anti-Compton NaI (TI)
pour l’e´tude des glaciers et des se´diments. Note CEA-N-,1/0, ISSN *.,3-.0*.
Pinglot, J.F. and Pourchet, M. (+33/): Radioactivity measurements applied to glaciers and lake sediments. Sci.
Total Environ., +1-/+1., ,++,,-.
Pinglot, J.F., Pourchet, M., Lefauconnier, B., Hagen, J.O., Isaksson, E., Vaikmac, R. and Lamiyama K.
(+333). Accumulation in Svalbard glaciers deduced from ice cores with nuclear tests and Chernobyl
reference layers. Polar Res., +2 (,), -+/-,+.
Poet, S.E., Moore, H.E. and Martell, E.A. (+31,): ,+*Pb, ,+*Bi and ,+*Po in the atmosphere: accurate
measurements and application to aerosol residence time determination. J. Geophys. Res., 11, 0/+/
0/,1.
Poissant, L., Dommergue, A. and Ferrari, C. (,**,): Mercury as a global pollutant. From the Impact of
Human Activities on our Climate and Environment to the Mysteries of Titan, ERCA, Vol. /, ed by
C.F. Boutron. EDP Sciences, +.-+0* (J. Phys. IV-Proceedings, +,).
Preiss, N., Me´lie◊res, M.A. and Pourchet, M. (+330): A compilation of data on lead-,+* concentration in
surface air and ﬂuxes at the air-surface and water-sediment interfaces. J. Geophys. Res., +*+ (D,,),
,22.1,220,.
Robbins, J.A. (+312): Geochemical and geophysical applications of radioactive lead. The Biogeochemistry of
Radioactive Lead in the Environment, ed. by J.O. Nriagu. New York, Elsevier, ,2/-3-.
Samuelsson, C., Hallstadius, L., Persson, B., Hedvall, R., Holm, E. and Forkman, B. (+320): ,,,Rn and ,+*Pb
in the Artic summer air. J. Environ. Radioact., -, -//..
Salisbury, R.T. and Cartwright, J. (,**/): Cosmogenic 1Be deposition in North Wales: 1Be concentrations in
sheep faeces in relation to altitude and precipitation. J. Environ. Radioact., 12, -/--0+.
Sanak, J., Lambert, G. and Ardouin, B. (+32/): Measurements of stratosphere to troposphere exchange in
Antarctica by using short lived cosmonuclides. Tellus, -1B, +*3++/.
Schroeder, W.H., Anlauf, K.G., Barrie, L.A., Lu, J.Y., Ste#en, A., Schneeberger, D.R. and Berg, T. (+332):
Arctic springtime depletion of mercury. Nature, -3., --+--,.
Skov, H., Christensen, J., Goodsite, M.E., Heidam, N.Z., Jensen, B., Wahlin, P. and Geernaert, G. (,**.):
Fate of elemental mercury in the Arctic during atmospheric mercury depletion episodes and the load
of atmospheric mercury to the Arctic. Environ. Sci. Technol., -2, ,-1-,-2,.
Suzuki, T., Nakayama, N., Igarashi, M., Kamiyama, K. and Watanabe, O. (+330): Concentrations of ,+*Pb
and ,+*Po in the atmosphere of Ny-AÕlesund, Svalbard. Mem. Natl Inst. Polar Res., Spec. Issue, /+,
,--,-1.
Todd, J.F., Wong, G.T.F., Olsen, C.R. and Larsen, I.L. (+323): Atmospheric depositional characteristics of
beryllium 1 and lead ,+* along the southeastern Virginia coast. J. Geophys. Res., 3., +++*0++++0.
Tremblay, J. and Servranckx, R. (+33-): 1Be as a tracer of stratospheric ozone: a case study. J. Radioana.
Nucl. Chem., +1,, .3/0.
Turekian, K.K., Benninger, L.K. and Dion, E.P. (+32-): 1Be and ,+*Pb total deposition ﬂuxes at New Haven,
Connecticut, and at Bermuda. J. Geophys. Res., 22, /.++/.+/.
Vohra, K.G., Subba Ramu, M.C. and Vasudeva, K.N. (+303): Behavior of aerosols formed by clustering of
molecules around gaseous ions. Atmos. Environ., -, 33+*/.
Wagemann, R., Innes, S. and Richard, P.R. (+330): Overview and regional/temporal di#erences of heavy
metals in arctic whales and ringed seals in the canadian Arctic. Sci. Total Environ., +20, .+00.
Zanis, P., Schuepbach, E., Gaggeler, H.W., Hubener, S. and Tobler, L. (+333): Factors controlling beryllium-
1 at Jungfraujoch in Switzerland. Tellus, /+B, 1232*/.
1Be and ,+*Pb air concentrations in Ny-AÕlesund, Svalbard 115
